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7KH\ DUH IRXQG DW VHYHUDO SODFHV DQG WLPHV >@ 7KRVH SUREOHPV FDXVH WKH TXDOLW\ RI WKH WHOHFRPPXQLFDWLRQZLOO
ZRUVHQDQGXVHUVPD\QRWJHW EXVLQHVVFKDQFHV ,WLVQHFHVVDU\WKDWWKRVHSUREOHPVZLOOEHIRXQGLQHDUO\VWDJH RI
VHUYLFH SURYLGLQJ 7KHQ WKH VWDWLRQV VKRXOG FKDQJH WKH ZLUHOHVV FRPPXQLFDWLRQ PHGLXP DQG FRQWLQXH WR
FRPPXQLFDWH
2QWKHRWKHUKDQGWKHPDFKLQHOHDUQLQJWHFKQRORJ\LVUHFHQWO\XVHGIRUZLGHYDULHW\RI GDWDVFLHQFHDQGSURYLGHV




SUREOHPV RFFXU E\ LGHQWLI\LQJ WKH VWDWLRQVZKLFKKDYH WKHSUREOHP 7KH XVHU RU WKHQHWZRUNDXWRQRPRXV FRQWURO








 :LUHOHVV FRPPXQLFDWLRQTXDOLW\ SUHVXPSWLRQPHWKRGV
7KH ZLUHOHVV GHYLFHV FRPPXQLFDWH YLD UDGLR ZDYHV SURSDJDWH LQ WKH DLU 7KH UDGLR SURSDJDWLRQ HQYLURQPHQW
PRPHQWDULO\ YDULHV DFFRUGLQJ WR WKH SODFH DQG WKH WLPH 7KH TXDOLW\ RI ZLUHOHVV FRPPXQLFDWLRQ DOVR FKDQJHV
DFFRUGLQJO\ )LJXUHVKRZV WKHPHDVXUHPHQWUHVXOWRIWKH:LUHOHVV/$1UHFHLYHGUDGLRVLJQDOVWUHQJWKQHDUWKH$3
ORFDWHGLQWKHRXWGRRUVKRS )LJXUHDOVRVKRZVWKHUDGLRHQYLURQPHQWRI:LUHOHVV/$1LQDWUDLQSDVVHQJHUFDU ,W
LV VR GLIILFXOW WR LGHQWLI\ZKHWKHU WKH UDGLR TXDOLW\ LVQRUPDO RU DEQRUPDO LQD JODQFH EHFDXVH WKH UHFHLYHG UDGLR
VLJQDO VWUHQJWK LV IOXFWXDWHG DV VKRZHG LQ WKRVH ILJXUHV 7KH DQDO\VLV RI WKH ZLUHOHVV FRPPXQLFDWLRQ SUREOHPV
QHHGHG WR FROOHFW WKH ZLUHOHVV FRPPXQLFDWLRQ GDWD VHQW IURP HDFK VWDWLRQ DQG DQDO\]H WKH UHFHLYHG UDGLR VLJQDO









PHWKRG RI WKH FHUWDLQ VWDWLRQ E\ HVWLPDWLQJ WKH WKURXJKSXW QHHGHG IRU GRZQOLQN IURP XSOLQN WKURXJKSXW >@




HVWLPDWLRQPHWKRGZLWKDQDO\]LQJ HDFK UDGLR SDUDPHWHU IOXFWXDWLRQ E\ WLPH VHULHV ,W GLGQ¶W FRQVLGHU WKH UHODWLRQV
DPRQJ WKH SDUDPHWHUV 7KH FRPELQDWLRQ RI SDUDPHWHUV ZLOO LQFUHDVH DQG EULQJPXFK FDOFXODWLRQ FRVWV ZKHQ WKH






RXWSXW E\ DQ\ FHUWDLQ FULWHULD 7KH XQVXSHUYLVHG OHDUQLQJ FDQPDNH FRVW ORZ IRU WKH V\VWHP FRQVWUXFWLRQ DQG WKH
RSHUDWLRQEHFDXVHD ORWRI VXSHUYLVHGGDWDDUHQRWQHFHVVDU\7KLV VWXG\SURSRVHV WKHSUREOHPRFFXUULQJWHUPLQDOV
LGHQWLILFDWLRQPHWKRGE\FODVVLI\LQJWKHUDGLRTXDOLW\ZLWKWKHXQVXSHUYLVHGOHDUQLQJFOXVWHULQJPHWKRG 6PDUWSKRQH
XVHUVDQGQHWZRUNRSHUDWRUVFDQUHGXFHFRVWIRUGLVFRYHULQJZLUHOHVVFRPPXQLFDWLRQ SUREOHPVE\WKLVPHWKRG
0DQ\ VWXGLHV KDYH EHHQ SURSRVHG IRU WKH FOXVWHULQJ WHFKQLTXHV >@ 7KLV VWXG\ FRPSDUHG DQG HYDOXDWHG WKUHH
NLQGVRIFOXVWHULQJPHWKRGVLQFOXGHGNPHDQVFOXVWHULQJIX]]\FOXVWHULQJDQG*DXVVLDQPL[WXUHPRGHO >@
• .PHDQVFOXVWHULQJ
.PHDQV FOXVWHULQJ LV RQH RI WKH VHSDUDWLQJ RSWLPXPPHWKRGV DQGPRVW SRSXODU FOXVWHULQJ PHWKRG .PHDQV
FOXVWHULQJDVVLJQV WKHFHQWURLGRIFOXVWHUV WR WKHUHSUHVHQWDWLYHSRLQWܿଵǡ ܿଶǡڮ ǡ ܿ௞ DQG DOORFDWHVGDWD WR WKHFOXVWHUV
ZKLFKDUHPLQLPL]HG WKHHYDOXDWLQJ IXQFWLRQRI(T )LUVWO\ WKHUHSUHVHQWDWLYHSRLQWV ܿଵǡ ܿଶǡڮ ǡ ܿ௞ RI K FOXVWHUV
DUH PDGHDSSURSULDWHO\ 7KHQ WKH GLVWDQFH EHWZHHQ x DQGܿ௜ IRU HDFK GDWD x LVPHDVXUHG7KH FOXVWHU RI WKHPRVW
VKRUWHVWܿ௜ LVDVVLJQHGWRWKHFOXVWHURIx 7KHFOXVWHULQJSURFHVVZLOOILQLVKZKHQWKHFOXVWHURIHDFKGDWDx ZLOOQRW
FKDQJH ,WZLOODVVLJQWKHFHQWHURIJUDYLW\WRWKHUHSUHVHQWDWLYHSRLQWVܿଵǡ ܿଶǡ ڮ ǡ ܿ௞ DQGEDFNWRWKHVWHSRIPHDVXULQJ
GLVWDQFH
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• )X]]\FOXVWHULQJ
7KLVPHWKRGLVDOVRFDOOHG)X]]\NPHDQVFOXVWHULQJ,WSODFHV݃௜ ௞DVDGHJUHHWKDWGDWDLVEHORQJHGWRWKHFOXVWHU
EHWZHHQ FOXVWHUV DQG GDWD LQNPHDQV FOXVWHULQJ ,W FDOFXODWHV WKH FOXVWHUܿ௞ E\(T )LUVWO\ WKH LQLWLDO YDOXH LV
DVVLJQHGWR& 7KHQ ݃௜ ௞
ሺ௧ሻZKLFKPLQLPL]HVJ LVFDOFXODWHGZKHQܿ௞ LVIL[HGWRܿ௞









7KH OLQHDU VXPRI WKLVSUREDELOLW\ LVFDOOHG*DXVVLDQPL[WXUHGLVWULEXWLRQ *DXVVLDQPL[WXUHPRGHOFDOFXODWHV WKLV
݂ሺݔሻ ZKHQWKHGDWDDUHREVHUYHG ߙ௖ DQG ௖݂ሺݔሻ RI(TDUHVLPXOWDQHRXVSUREDELOLWLHV JHQHUDWHG RQ cWKPRGHODQG
GDWDx 7KHFOXVWHULQJLVDFKLHYHGE\DVVLJQLQJc WRWKHQXPEHURIWKHFOXVWHUIRUGDWDx 6SHFLILFDOO\WKHFRPSRQHQWV
RI *DXVVLDQ PL[WXUHPRGHO DUH DVVXPHG WZR QRUPDO GLVWULEXWLRQV 7KHQ SDUDPHWHUV RI (T DUH DVVXPHG 7KH
PD[LPXPOLNHOLKRRGPHWKRGFDOFXODWHVWKHSDUDPHWHUߠ ZKLFKPD[LPL]HVܮሺߠሻ RI(TWRILQGWKHSDUDPHWHUߠ IURPWKH





Ʌ ൌ ሺߙଵǡ ߤଵǡ ߤଶǡ ߪଵଶǡ ߪଶଶሻ ሺͶሻ
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,W LVQHHGHG WRXVHWKH LQIRUPDWLRQUHIOHFWHG WR WKHPDQDJHPHQW IUDPHVWKHGDWD IUDPHVRIFRQWHQWVDQG WKHUDGLR
SURSDJDWLRQ UHODWHG WR WKH FRQQHFWLRQ IRU DQDO\]LQJ WKRVH SUREOHPV 7KH VHOHFWHG IHDWXUHV DUH VKRZQ LQ7DEOH 











6HFRQGO\ WKH IHDWXUHV ZHUH H[WUDFWHG IURP WKH FDSWXUHG GDWD DQG QRUPDOL]HG E\ D VWDQGDUG GHYLDWLRQ DIWHU
YHFWRUL]DWLRQ7KHWKUHHNLQGVRIFOXVWHULQJZHUHSURFHVVHGE\XVLQJWKRVHYHFWRUV7KHHYDOXDWLRQXVHG5VRIWZDUH
DV WKH H[HFXWLRQ HQYLURQPHQW H SDFNDJH ZDV XVHG IRU )X]]\ FOXVWHULQJ >@ 0FOXVW SDFNDJH ZDV XVHG IRU
*DXVVLDQPL[WXUHPRGHO>@7KHQXPEHURIF\FOHVRINPHDQVFOXVWHULQJZDV7KHDOJRULVPXVHG+DUWLJDQ:DQJ
7KHW\SHRI*DXVVLDQPL[WXUHGLVWULEXWLRQRI*DXVVLDQPL[WXUHPRGHOXVHG(,,
7KHFOXVWHULQJPHWKRGVZHUHHYDOXDWHGDV WKHUDWLRZKLFKWZR WDUJHW VWDWLRQZDV LQFOXGHG LQ WKH VDPHFOXVWHU
7KRVHVWDWLRQVKDGWKHVDPHSUREOHPLQPDQ\VWDWLRQVVKRZHGDW)LJXUH,WFDOFXODWHGWKHDFFXUDF\DVWKHFRUUHFW
DQVZHUZKHQWZRWDUJHWVWDWLRQVZHUHLQFOXGHGLQWKHVDPHFOXVWHU(TGHILQHVWKHDFFXUDF\
ܣܿ ܿ ݑݎ ܽܿ ݕൌ
݄ܶ݁݊ݑܾ݉ ݁ ݎ݋ ݂ݐ ݅ ݉݁ ݏݐ ݓ݋ݐ ܽݎ ݃݁ ݐݏ ݐ ܽݐ ݅ ݋݊ݏ݅ ݊ܿ ݈ ݑ݀݁ݐ݄݁ݏ ܽ݉݁ ܿ ݈ ݑݏ ݐ ݁ ݎ
݄ܶ݁݊ݑܾ݉ ݁ ݎ݋ ݂ݐ ݋ݐ ݈ܽݏ ܽ ݌݈݉ ݅ ݊݃ݐ ݅ ݉݁ ݏ ሺ͸ሻ










E\ DGGLQJ QRUPDO FRPPXQLFDWLRQ VWDWH WR FRPPRQ WKUHH NLQGV RI ZLUHOHVV FRPPXQLFDWLRQ SUREOHPV *DXVVLDQ
PL[WXUHPRGHORIIRXUFOXVWHUVJRWLQ)LJXUH,WVKRZVVOLJKWO\KLJKHUDFFXUDF\WKDQNPHDQVFOXVWHULQJ
)LJ7KHDFFXUDFLHVRIHDFKFOXVWHULQJPHWKRG
945 Nobuo Suzuki and Kazuhiko Tsuda /  Procedia Computer Science  96 ( 2016 )  939 – 945 
 &RQFOXVLRQ
7KLVSDSHUHYDOXDWHGWKHUDGLRVWDWLRQLGHQWLILFDWLRQPHWKRGVE\WKHXQVXSHUYLVHGOHDUQLQJFOXVWHULQJWRDQDO\]H
WKHZLUHOHVV FRPPXQLFDWLRQ SUREOHPV DW UDGLR VWDWLRQV TXLFNO\ 7KH IHDWXUHV RI FOXVWHULQJPHWKRGVDUH GHILQHG WR
UDGLR IUDPHV UHODWHG WR VHVVLRQ HVWDEOLVKPHQW GDWD IUDPHV DQG GDWD UHODWHG WR UDGLR HQYLURQPHQW IURP WKH DFWXDO
ZLUHOHVV FRPPXQLFDWLRQ SUREOHPV7KUHH NLQGV RI FOXVWHULQJZLWK DFWXDO REVHUYHG GDWDZHUH HYDOXDWHG*DXVVLDQ
PL[WXUHPRGHOZLWKIRXUFOXVWHUVDSSURSULDWHGWRLGHQWLI\SUREOHPVVKRZHGKLJKHVWDFFXUDF\7KHFOXVWHULQJPHWKRG





VWDWLRQDU\ VWDWH LQ WKH HYDOXDWLRQ 7KH XVHUV RI WKH SXEOLF:LUHOHVV /$1 VHUYLFH DOWKRXJKPD\ ZDON DURXQG DW
RXWVLGH,WLVDOVRQHHGHGWRHYDOXDWHIRUWKHPRELOHVWDWLRQV6HFRQGO\WKHUDGLRFDSWXULQJWLPHZDVVHFRQGV7KH
WLPHSHULRGRIDQDO\]LQJDWDFWXDOILHOGVLVWRRORQJ,WLVQHFHVVDU\WRLGHQWLI\WKHSUREOHPTXLFNO\EHFDXVHDORWRI
VWDWLRQVZLOOEHQHHGHG LQFDVHRI IUHTXHQWO\SUREOHPVRFFXUULQJ1HZPHWKRGRITXLFNXQGHUVWDQGLQJ WKHUHDVRQ
ZKHQWKHSUREOHPVDUH RFFXUUHGZLOOEHQHHGHGE\DGGLQJWKHSDVWZLUHOHVV FRPPXQLFDWLRQLQIRUPDWLRQVWRUHG LQWKH
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